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3{\ Table I1. Relative Course Severity® at Maximum RM5 - g (Regardless of  ceu)

Wheeled Track-Layin
Test Courses M35 M3/ M3l M6 Med )
Paved 1.0 1.0 1,0 1.0 1.0 1,0 1,0 1,0 .0
Two-inch washboard S.7 7.0 11,0 3.9 0,7 0.8 0,7 0,58 1.2
Six-inch washboard 3.0 3.6 1.5 5.9 0.8 0.9 0,7 058 1,2
Belgian block 3.1 3.0 30 2,3 0,7 0.9 0.7 0,8 1,2
sygad bmp 5;7 ‘.2 6.0 2.4 0.7 l.l - - l.o
Six-inch ramp 3.0 5.5 4,0 2.5 0.6 0.4 0,7 04 0,4
cw’s‘mmtry l.o 106 105 009‘ 0.4 0.3 0.6 0.2 oo‘
Radial washboard - - 3.5 - 0,6 - - - -

Ysing paved road as base; (i.e., scverity of paved road = 1,0),
- = Not measured, course under repair at time of test,

From a relative-severity viewpoint, the paved course creates the most
severe environment for a track-laying vehicle while the 2-inch washboard
course is generally the most severo for a wheeled vehicle, Again, this

21



'BYRYA

LAIALUGLY ul s

ROAD

AUTOMOTIVE ENGINEERING LABORATORIES

REPORT ON

SHOCK AND VIBRATION ENVIRONMENT
FOR A SERIES OF WHEELED AND
TRACK-LAYING VEHICLES

by
H. T. CLINE

Report No. DPS-999

JUNE 1963

Aberdesn Proving Ground

Maryland

NO.OTS



DEVELOPMENT AND FROOF SERVICES
ABERDEEN PROVING GROUND
MARYL/.ND

HTCline/do/3313L

ROAD SHOCK AND VIBRATION ENVIRONMENT FOR A SERIES
OF WHEELED AND TRACK-LAYING VEHICIES

Report No. DPS-999

Dates of Study: March - June 1963

ABSTRACT

The road shock and vibration environment created by four wheeled and
five track-laying vehicles was measured on eight test courses at speed
increments of approximately U4 mph, The magnetic-tape data were processed
through a special-purpose computer which determined the amplitude-probability
distribution and spectral density. The resultant data have been catalogued
in a form which will provide a base line for the design of equipment to be
transported on automotive vehicles.
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1, INTRODUCTION

The objective of this report is to catalog the vibration environment
of military wheeled and track-laying vehicles operating over natural and
man-made land surfaces and profiles,

The Automotive Engineering laboratory receives numerous requests for
descriptions ¥ automotive vehicle vibrational environments, These requests
are invariably from designers, dynamists, or those charged with establishing
design criteria for sensitive gear which may be transported on automotive
vehicles, While limited data have been available for some vehicles under
some conditions, the descriptions have never been complete nor has there
been a standardized method of describing the environment.

For the past two years, this laboratory has concentrated efforts to
obtain the hardware and develop the techniques and procedures for more
complete data reduction and standardized presentation., The first product
of this effort is contained in Appendix D which describes the basic method
of codifying vibrational amplitudes of automotive vehicles,

In this report, the method of codifying amplitudes is applied to
measurements made on a variety of vehicles over a range of comparable road
speeds on several course profiles, In addition to amplitude, frequency
is treated in the form of spectral analysis. The user of these data should
consider them as a point of departure, a point from which he may go up or
down in relative severity depending on his appraisal of how his design will
be used in the field.

The nine different model vehicles and test courses used in the
investigation are listed in Table I and shown in Figures 1 and 2. Four were
wheeled vehicles and five were track-laying vehicles. On +the five tracke-
layers, three basic track designs were employed; the band type track, the
single-pin block track, and the double-pin block track.

Table I. Vehicles Used in Investigation

Gross Weights as Tested,

Vehicles 1t
Truck, cargo, 3/L4 ton, Uxk, M37 7500
Truck, cargo, 2-1/2 ton, 6x6, M35 17500
Truck, cargo, 2-1/2 ton, 8x8, MLlO 13750
Truck, cargo, 1O-ton, 6x6, M12S 52000
Carrier, personnel, T1l6 10500
Carriage, gun motor, M56 15000
Carrier, armored, personnel, M113 23000
Tank, 90-mm gun, Mil 52000

Tank, main battle, 105-mm gun, M60 103000

(3
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Figure 2: Track-laying Vehicles Used in the Investigation,



All vehicles were carrying their rated payload or were loaded to their
rated gross vehicle weight, Tires on wheeled vehicles were inflated to
rated pressures.

These vehicles were operated over eight different test courses at
various increments of road speed, The test courses were as follows:

Six-inch washboard
Two~inch washboard

Belgian block

Spaced bump

Radial washboard

A section of cross-country
Six=-inch ramp

Paved (bituminous concrete)

Profiles of these courses are shown in Appendix C.

Data were acquired from unbonded, strain-gage accelerometers mounted at
approximately the same locations on each vehicle (Appendix C). The output
of the accelerometers were recorded on multi-channel magnetic tape, Tape
recorders were installed in an instrument van which operated on the smooth
road paralleling the various test courses and paced the vehicle under test,
As may be seen in Figure 3, transducers were coupled to the tape recorders
by means of 1CC-foot cables suspended between the two vehicles,

Figure 3: Typical Method of Data Acquisition, (Vehicle under Test Is
Not One of the Nine Vehicles Comprising This Investigationm,)

In the laboratory, the data acquired in the field were transcribed from

the reel onto tape loops. The signals on tre tape loops were then reproduced
continuously and fed to a multi-channel special-purpose automatic data processing

6



system (Figure 4), The data were processed in two ways; amplitude
distribution of acceleration and spectral analysis to determine the density
of amplitudes over the frequency spectrum using pass-band filters. The
amplitude-distribution-analyzer portion of the system and the procedures,
vhich were designed to fulfill the needs of this laboratory are described
in Appendix D, The six spectrum analyzers in the system were built by the
Ortholog Division of Gulton Industries and are designated model OR-WA/SY6,

Figure 4: Automatic Data-Processing System,
2. RESULTS OF THE INVESTIGATION

Data cataloged are for respouse in the vertical plane only since it
describes the higher level of response, Measurements were made in both the
longitudinal and transverse planes but were not found to be sufficiently
different from the vertical to warrant separate treatment.

2.1 Amplitude Severity

Full frequency-spectrum® amplitude-distribution analysis were determined
for about 850 data samples collected at various locations on the nine vehicles
over the courses at various road speeds., Each of the samples analyzed was of
adequate time duration to provide a stationary process for the vehicle-course-
speed combination, Results of these analyses =gain confirmed that the
distribution of the amplitude is not necessarily Gaussian, Consequently, the
amplitude~probability distribution for maximum response on the cargo ved of
each vehicle for each course at each speed are plotted as three values in
Appendix A, These three values are the rms amplitude level, the amplitude
level exceeded 1% of the time, and the approximate crest or maximum amplitude.
From these values, the reader may interpret the distributions for his particular
purpose, It may be noted that the ratios of crest to rms range from about 3
to 15 for individual conditions,

8The frequency spectrum for data in this report is considered O to about 270 cps
as limited by flat response of Statham Laboratories + 25 g accelerometers,
model A5,



2.2 Response of Cargo Bed of Wheeled Vehicles

Since the 1ms amplitude has been previously established and defined as
relative severity (Appendix D) it is used here in that one term of reference,
Considering that the reader wishes to arrive at the composite picture of
vheeled~vehicle response, envelopes drawn over the maximum rms and 1% time
level on the cargo beds of each of the four vehicles at the various comparable
test speeds, regardless of the course, are shown in Figures 5 and 6,
respectively, This comparison is based on a one-vehicle-per-type sample and
shows that the relative-severity level can be as high as 2 g rms and the 19
time level can be as high as 6 g for the Lxl and 6x6 wheeled vehicles, '
It further shows that the ML1O vehicle with independent wheel suspension
(torsion bar) for the 8x8 wheel arrangement provides a relative amplitude
severity which is significantly less than that created By the hxlL and 6x6
vehicles regardless of welight class,

2.3 Response of Track-laying-Vehicle Hull

Again, based on a single-vehicle sample for each of the five models,
envclopes drawn over the maximum rms values and 1% time levels measured on
the vehicle hull in the vertical plane at various road speeds, regardless of
iest cource, are plotted in Figures 7 and 8, respectively,

These plots show the amplitude environment created by the M116 personnel
carrier to be significantly more severe than the other track-laying vehicles,
That of the M60O main battle tank appears to be the least severe. In this case,
the M116 represents the lightest, and the M60 the heaviest, of the five
vehicles tested.

2.4 Factors Affecting the Amplitude Severity of Some Track-Jaying Vehicles

Additional work conducted on an M113 armored personnel carrier, which
was not part of the nine-vehicle test, disclosed some factors which affect
the amplitude severity of this vehicle, These factors were track tension
and the gencral condition of the vehicle with respect to the amount of wear
on the running gear (i.e., track pads, track blocks, sprockets, road-wheel tires
and shock absorbers), Results of tests on two ML13 vehicles, one relatively new
and one well used, are shown in Figure 9. Both vehicles were run at five
aifferent degrees of track tension, measured by the relative amount of sag,
ranging from a very loose track, which could conceivably have been thrown in
mud or adverse terrain, to a very tight track which noticeably affected the
rate of acceleration in road speed. The hatched areas on Figure 9 show the
range of severity from loose to tight tension for each vehicle. Intermediate
tensions fell in logical sequence within these bands, It was also noted during
these related tests that the severity level measured on one side of the vehicle
could be much greater than that on the other side for a given nominal track
tension, There was no consistency as to which side responded with maximum
severity at the various track tensions,
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Figure 9: Comparison of Vibration Severity in Vertical Plane of New and
Used Armored Personnel Carriers, Mll3, at Various Track Tensions,

Beced con these data, it appears that:

a. The method of measuring and adJusting track tension is not precise;
but even though it were, the tension changes with continued
operation,

b. Although the severity for any vehicle condition, nhominal track
tension and vehicle road speed combination is a stationary process,
the effect of different vehicle and tension combinations on severity
is so broad as to preclude precise comparisons between vehicles, It
should be noted that the only M1l3 available for the nine vehicle
test was a well used vehicle, The severity level for the M1l3 plotted
on Figure 7 lies within the envelope plotted for the well used
vehicle on Figure 3, .

2.5 Shock

The term shock, as used in this report, is defined in Appendix D, A review
of crest values in Appendix A shows values as high as about 12 g's on both
wheeled-vehicle cargo beds and track-laying vehicle hulls. On wheeled vehicles,
shock may result from suspension bottoming or impacting between the front of the
cargo bed and the vehicle frame, Impacting can occur at the front of the cargo
bed on long~wheel-base vehicles because of the necessity of some freedom between

13



the rigid cargo bed and the flexible frame, A displacement gage mounted on an
M35 truck (Figure 10) indicated about 3/8-inch displacement between the bed and
the frame on the spaced bump course and this course does not produce noticeable
torsional motion in the frame, Shock for trackelaying vehicles is usually
occasioned by bottoming of the suspension., One considering the environment
for the transportation of sensitive gear should recognize that the 12 g shocks
represent the input to the sensitive gear by the cargo bed, If the gear is
properly restrained to move with the cargo bed, input to the gear should not

be amplified, If the gear is poorly secured or loose, accelerations of 1

and greater will cause relative displacement between the gear and the bed with
a resultant impact. Shock levels generated by such impacting cannot be
predicted with any degree of accuracy,

Figure 10: Displacement Gage As Mounted betiween the Bed and Frame of an

U35 Mamsn

173, P4 445 10 YO

2.6 The Frequency Spectrum for Vehicles

A comparison of the frequency spectrums for wheeled and track-laying
vehicles shows no basic similarity between these two general classes of vehicles,
Within each class of vehicles the frequency spectrums exhibit similar
characteristics, The general spectrum for wheeled vehicles is shown in Figure
11, The spectrum is based on envelopes drawn over values extracted from
spectral density analysis of recordings made at various road speeds on various
test courses (Appendix B). For wheeled vehicles, each analysis was made using
a 2,5 cps bandwidth filter. Maximum amplitudes for any 2.5 cps bandwidth
quasi-discrete frequency or broader random frequercy were extracted and point-
plotted as the center of the quasi-discrete, or random, frequency. An envelope
drawn over the maximum point is intended to show the relative shape of thg
spectrum. The y axis (amplitude) of the plots are assessed in terms of g /cps,
For wheeled vehicles (Figure 11) the spectrum generally ranges from 1 to 50 cps.
Natural and forced suspension frequencies with their harmonics account for
vibration in the 1 to 10 cps range. Tire frequencies and vehicle~frame frequenciee«
are generally in the range from 10 to 40 cps., Vibrations of significant
magnitude at higher frequencies are seldom present, .

1k
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The frequency~-spectrum configurations for track-laying vehicles arc shown
in Figure 12, This graph was constructed in the same manner es Fipure 11, The
analysis vas made using a 2.5 cps bandwidth filter.

Frequencies for track-laying vehicles appear to come from two prime
sources; the suspension and the track, Suspension frequencies range from 1
to 10 cps and are directly associated with the natural frequencies of the
suspensions, their harmonics, and the forcing frequencies of the course
profiles at the various road speeds. Track frequencies (f4) are directly
related to track pitch and road speed and mey be expressed as:

fv+ = kv
b
where 5 = constant = 1,47 ft/sec/mph

v velocity mph

]

p = track pitch ft

The M60, MWl, and ML13 vehicles are equipped with 6-inch-pitch, rubber-
bushed tracks while the M56 and T113 vehicles are equipped with band-type
tracks having a b-inch pitch, Examination of the track and suspension indicates
that there may be several input sources; i.e,, the engagement of track and
sprocket, enrorement and disengagement of track with the road and the road
viicels pussing over the track blocks., At a given road speed, each of these
puenowena occur at the same rate of repetition but nct necessarily at the
same instant in time, '

The engine of a vehicle is usually recognized as a potential source of
vehicle vibration, Experiments conducted by operaeting the engine of the ML1l3
over its speed range with the transmission in neutral gear showed that engine
vibrations transmitted to the vehicle hull, measured by the it 25 g transducers,
were nasked by the background noise on the tape as the tape recorder has a
signal-to-ncise ratio of 40 db,

2 7 The Driver as a Dynamic-Response Governor

H

On wheeled vehicles in particular, the driver is perhaps thc best means
of regulating or limiting the magnitude of response, This may be shown in
part by detailed analysis of data acquired for the M35 truck. The envelopes
of severity (full spectrum rms) for the cargo bed and the base of the driver's
seat are compared in Figure 13, In general, the seat-base severity is less
than that of the cargo bed because the driver's position between the wheels
protect him from the vertical components of angular acceleration caused by the
pitching of the vehicle, It has been established that the natural frequency
of numans is near 5 cps and that the chest will not respond at frequencies
greater than 20 c¢ps. Consequently, the probability-distribution functions of
data acquired at the base of the driver's seat were determined through filters
aud are plotted in Figure 14, This shows that amplitudes with associated
frequencies in the range of 0.2 to 10 cps are aimost the sole contributor to the
severity level which has a maximum of about 0.6 g rms. Results of spectral
analysis of response measured at the driver's chzst, regardless of course or
speed, are compared with human comfort limits in Figure 15. It may be seen

16
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that the maximum values measured as inputs to the driver's seat (Figure 1)
approaches or exceeds the limits subjectively established as being extremely
uncomfortable, The response of the driver's chest (Figure 15) shows
amplification over the input, Although 0.6 g 1s extremely uncomfortable and
accelerations of 1 g or more will cause a human to leave the seat, a driver
will tolerate this for periods of a minute or two for testing purposes, If
allowed to select speeds on the various courses which must be sustained for
long periods of time, the driver will undoubtedly select one which creates

a more comfortable environment, This desire to avoid discomfort effectively.
governs the response of the cargo bed,

While the same rules apply to track-laying vehicles, they must be
tempered with certain undeniable considerations. When driving a track-layer
(M113, M60, and M4l) with the hatches buttoned up, the driver is restricted
to a sitting position on the seat and the response of the seat is the input
to the driver, If the driver is permitted to drive with the hatch open, he
need not =it on the seat., At the approach of rough terrain, he may assume
a semicrouched posture and use his legs as shock absorbers, In this manner,
he may withstand greater acceleration inputs with very little discomfort than
when he 1s restricted to the seat,

3. TEST COURSE SEVERITY

The question is often asked, "What is the relative severity of the
different test courses?" Previously, the question could be answered only
on the basis of subjective feeling. Now, the method of codifying amplitude
distribution (Appendix D) provides an approach to quantative description,
The maximum relative severity of each test course compared to a smooth paved
road is listed in Table IJ.

Table II. Relative Course Severity® at Maximum RMS - g (Regardless of Speed)

Wheeled Track~-Laying

Test Courses M35 W37 X255 XMk0 ML M6 MG0  Mil3 TG
Paved 1,0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 1.0
Two-inch washboard 4,7 5.5 6.0 4,5 0.67 0,69 0,53 0.50 1,1
Six-inch washboard 1,7 1.2 1.4 2,1 0.89 0.69 0.60 0O.b2 1.1
Belgian block 2.7 2.5 2.2 2.4 0.67 0,69 0,60 0.67 1.5
Spaced bump 5.3 3.7 k.6 2.9 0.72 0.78 - - 1.2
Six-inch ramp 2,6 L2 3.4 2.5 - 0.28 0.53 0.32 0.39
Cross=country 0.77 1.3 1.0 0.81 0.39 0.11 0,47 0,20 0,38
Radial washboard - - 2.5 - 0.61 - - - -

aUsing paved road as base; (i.e,, severity of paved road = 1,0),

- = Not measured, course under repair at time of test.

From a relative-severity viewpoint, the paved course creates the most
severe environment for a track-laying vehicle while the 2-inch washboard
course is generally the most severe for a wheeled vehicle, Again, this
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comparison is based on the maximum rms measured on each course regardless of
speed, The rms, 1%, and crest levels contained in Appendix A allow the reader
to make other comparisons he may desire,

L, DISCUSSION

There is no known, universally accepted, method of presenting shock and
vibration data for automotive vehicles. Neither is there a known, universally
accepted, method of applying existing data to general design problems., The
ability to bridge the gap between testing and design appears almost impossible
with available lines of communication. Consequently, the methods of presenting
the data contained in this report were devised by the Automotive Engineering
Laboratory. The methods are intended to provide the maximum available
information for the individual user and not to formulate the manner in which
he must use it, From an amplitude viewpoint for example, the percentage of
time any amplitude level was exceeded for any particular course or speed con-
dition can be estimated from the plots contained in Appendix A and the
distribution plot in Appendix D (Figure 4). It shovld be noted here that a
testing agency cannot project the total amplitude - time environment to be
experienced by some proposed or existing on-board gear since it has no idea
¢f the type of terrain and the length of time over which the gear will be
~ransported, This is a problem which can be resolved only by the designer and
the user,

From & frequency vicwpoint, the major frequencies noted for each particular
course and speed condit’on are also tabulated on the plots in Appendix A. An
indication of the amplicude of the more significant narrow~band responses are
shown in Appendix B. 7The relative shape of the amplitude-frequency spectrum
for the various vehicles have been previously described in Figures 11 and 12,
These envelopes do not imply time. They do give the instantaneous psd value
that can exist for the analysis bandwidth,

Shock has been defined in this report only in terms of amplitude, It has
rct been investigated in detail as to shape and time duration.

During the preparation of the various tables and plots for this report
every effort has been made to avoid intentionally overemphasizing the environ-
ment to provide a safety factor, As previous.; stated, the speeds attained
over the various courses were within the capability of the vehicle and were
safe speeds with respect to vehicle stability, Some of the maximum speeds
created environments which a driver will tolerate for short periods of time
but which he will not sustain, To reiterate, the reader should consider these
data as a point of departure; a point from which he may go up or down in
ralative severity depending on his appraisal of the intended field operation,

5. FUTURE CONSIDERATIONS

The wheeled vehicles cataloged in this report represent only the cargo-
vype vehicle, Another family of wheeled transporter in which there is con-
slderable interest is the trailer,

22



Many types of trailers have been investigated in the past but unfortunately,
they were not all run under comparable conditions of course, speed, transducer
location, payload,and method of data reduction, Because of this, the data are
not suitable for inclusion in this report. Description of the dynamic
response of trailers is believed to be of such interest to warrant a

separate program aimed specifically at cataloging the response of several
. typical configurations.

6. CONCLUSION

The automotive vehicular road shock and vibration environment has been
cataloged in a form which will provide a base line for the design of
equipment to be transported on these vehicles.
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APFENDIX A

Vibration Amplitude and Major Frequencies

The vibration-amplitude environment (vertical) is plotted against road
speed for each vehicle on each course giving rms, 1% level, and crest, The
significant frequencies which make up the frequency spectrum for the
different speeds are listed with arrows pointing to the respective rms value
associated with the over-all spectrum. A significant frequency, as defined
for this report, is a frequency which has an rms value of at least 0.1 g.
Therefore, in listing the significant frequencies for a spectrum, it was
noticed that some of them were very close together. These frequencies were
listed separately because of the distinct definition between them, The
purpose of listing these significant frequencies is to give the reader some
indication as to where most of the energy or power in the spectrum lies., The
frequency which appears to have the greatest amplitude is defined as a major
frequency and is circled, Other than this, there is no indication of the relative
magnitude of the individual narrow-band frequencies. If, however,. the reader
is interested in these magnitudes, the power-spectral density plots of each
channel of-data at each speed are cn file in the Automotive Engineering
Iaboratory.
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APPENDIX B

The Vibration Spectrum

Each data channel was analyzed spectrally. The mode chosen for this
analysis was (power) spectral demsity (i.e., in terms of g?/cps) since this
weights the major frequencies. Examples of spectral analysis for individual
course and speed conditions are shown on pages B-2 and B-3 for a wheeled
and track-laying vehicle, respectively. Calculations of rms acceleration
for the full spectrum were made for about 10% of the analyses made and
compared with the rms acceleration estimated from the amplitude-distribution
analysis, Agreement between the two methods was extremely good as would
normally be expected.

To combine these individual spectral analyses into a composite
description, significant amplitudes were extracted and plotted for each
vehicle on pages B-4 through B-12, In preparing these plots, any band
response (usually narrow) of 2.5 cps or more width was determined and
plotted as a point at the appropriate (center) frequency for the band,

Individual analyses for each vehicle, channel, course, and speed
condition are on file in the Automotive Engineering Laboratory.

For all spectral analysis covered by this report, the smoothing
(integrating) time in real time was equal to the sample length in real
time,
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APPENDIX C
Course Profiles and Instrumentation Diagrans
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SIX-INCH WASHBOARD COURSE

The profile approaches a sine vave vith a double smplitude of eix

inshes and a complete cycle occurring every six feet for a distance of
800 feet. The course surface is concrete.

BELGIAN BLOCK COURER

18 0" . vi

7 - -l an b

-
]
1 4
\
[}
hy )

'0
), 8

7 Belgian Block

This course is a cobblestone road vhich provides an irregular and
hmpy surface. The fadividual cobblestonss average approximately five
inches in vidth. The course irregularities, vhich not only vary along
the length .8326 feet) of the course but also across its vwidth, have
crests of three inches. The crests are such that & vehicle
traveling over thea is subjected to both pitching and rolling motions.

L




RADIAL WALHLOAKD COUNSE

Pt —] e

r ]

‘Tvo 90 degrees radial turns mnke up the Radial Washboard Course along
vith symmetrical bumps vhich vary from two to four inches in height and
Crom one to six feet from crest to crest. The course is 128 feet long and
20 Coot wide.

IBOMETRIC VIEW

! k7 < | /“'\ ) ‘ '. _
i . TN %' .0' ;.'1: -30¢ o" ____,.l 1 1
! ) . )

: LONGITUDINAL BECTION

Thils Jourse consists of a series of rounded bumps three inches high by
three feet vide spaced st intervals of 30 feet along the centerline of the
course. The bumps make the folloving angles vith respect to.-tho eontoruu
of the course! ”..g ”..’ 67.' 52.' m.' w.. 113', 128', ” » 90 N this
sequence continues for a total of twenty six bumps or three cycles for a
total of 831 feet.



TWO-INCH WASHBOARD COURSE

2"
L 2 0" 4

1

The profile spproaches a sine wvave with a double amplitude of two
inches and a complete cycle occurring every two feet to a distance of
approximately 300 feet. The course surface is concrete.

L bt bl e B P L 2 XL T X Y 2P

2"BINDER & WEAR CCURSE
2"WEAR COURSE RESURFACE

The paved straightaway 1s essentially a level road, three miles in
length, with banked turn-around loops at each end. This course is used

vhere high speed as well as tests requiring long periods of uninterrupted
operation are desired.

C-k
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A STUDY ESTASLISHING METIIODOLOGY DESCRIBING TE
AUTOMOTIVE VEIICULAR VIBRATION
AMPLITUDE ENVIRONMENT

Report No, DPS-657

Dates of Study: May to July 1962

AMSTRACT

Although a number of approaches have been made toward doscribing the
automotive vehicular vibration amplitude environment, it is apparent that the
oentive area of offort lacks definitive temminology and that codification is
required. Statistical considerations leading to a description of the
probability-distribution function and the standard deviation are presented,
and the non-Coussion form of the probability distribution of the vibration
environment is establishod. It is recommendod that the method doveloped be
vsed to describe the vibration amplitude environment of automotive vehicles.
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1. INTRODUCTION

The Automotive Laboratory, at customer request, performs tests relative
to measuring the environment created by vehicles over specified test courses,
Discussions with customer personnel reveal a complete lack of uniformity in
data requircments. In some cases the customer reduces the data himsclf; in
these cases his presentation usually produces an end result which is not in
aprocment or is not readily correlated with similar results or data previously
obtained by the Automotive Laboratory. It is quite apparent that this entire
area of effort lacks definitive terminology and codification is required.

2. APPROACH TO CODIFICATION

Two approaches to att-mpting codification exist, The first is to attempt
to apply the existing body of knowledge on random progesses to this field; this
approach is short-lived. Although the existing body of knowledge is tremendous,
one is faced immediately with trying to find a practical means of using this
body of knowlcdge so that it has practical implications. The second approach is
to attempt codification by 'hardware considerations, defining terminology in
terms of hardware in such fashion that the definitions lead to numbers having
immediate physical significance.

The general purpose of testing is to prove or improve reliability; thus
failure criteria are involved in the design and testing, Both customer and test
agency arc concerned with failures and their cause. The automotive environment
is characterized by its shock and vibration spectrum, thus failures due to shock
and vibration appear to be a fruitful area in which to attempt codification. A
shock and vibration environment induces two types of failures, the first due to
fatiguc,-the soconddue to stress level. Ono would reasonably expect that
fatigue failure would be associated with the vibration environment and ultimate
stress induced failures due to shock. The first definition that must be
established is that of shock as opposed to vibration; this definition must be
compatible with the type of failures and with the automotive environment. Basing
the definition on failure type would infer that shock differs from vibration in
stress level induced in the hardware; this is not the case. A vehicle and its on-
board gear form a complex vibratory system and, when in resonance with a course,
induced forcing function can produce high stress leveis on both the vehicleo
components and its on-board gear. Under the proper conditions, a vibratory
environment can thus produce very high stress levels, yet this could not be defined
as shock. A definition that appears to satisfy the failure criteria and still
make sense when referrcd to the automotive enviromment is: *'Shock response is a

.response of significant amplitude that occurs at a repetition rate lower than the
lowest damped natural frequency of the vehicle or its on-board gear." The
definition of "significant amplitude" will be discussed later. The remainder of the
responsce after ''shock” is stripped out will be defined as "vibration."”



3. A PRIORL CONSIDERATIONS

The preceding definition of shock is basic to the statistical study that is
the subject of this report. Since the definition is all important, other
systems of analyzing the vehicular cnvironment should be examined to determine
the accoptability of the definition. A common means of dissecting vibration
information is to record the phenomenon on magnetic tape and play the tape
through a spectrum analyzor. The spectrum analyzer can be set to display the
pertinent vibration information in scveral ways. The comments that follow
concern the display of amplitude (ms, averape, or pcak) versus frequency.

_ The spectrum dnalyzer in cssence is a device that passes the analojg
vibration information through a narrow filter; the output of the filter thus
is quasisinusoidal to the extent that there cxists in the original data
information that will pass through the filter., Since the amplitude at the
filter output is highly variable, an averaging circuit is provided to smooth
the presentation, As a result, the amplitude-versus-frequency display
provides average amplitude. tnfortunately, an average is meaningless, unless
something is known of the distribution of the elements that have been averaged,
this type of display thus, in itself, only indicates that therec exists in the
criginal data more, or less, analog information at onec particular frequency
setting of the filter than some other setting.

Consider now, the operation of a vehicle over a course, say a paved road,
£3r a period of 60 scconds. Since cach section of the paved road is reasonably
iike any other scction of the road the vehicular environment should be a
stationary process. Now, suppose¢ we lay a single large timber across the course,
What cffect will the passage of the vehicle over this artificial bump have on
the resulting record? Since such a "bump" occupies an insignificant percentage
of the total time of passage of the vehicle over the course its contribution to
the rms value of the amplitude would be insignificant. This single "bump' may,
however, be an order of mapgnitude greatcer.than any other peak on the record.
For some types of on-board gear or vehicle, this single "bump" may be the only
significant factor in the operation over the course.

i

Now, 'in considering such a situation, it becomes obvious that the introduc-
tion of this single bump changes the stationary random process to a nonstationary
process. Were the 60-second record cut into smaller pieces the one picce contain
ing the bump would be significantly different from the others. If the size of the
bump were such as to produce an accelcration that was not statistically different
from the peaks throughout thc remainder of the record, then it would not
substantially alter the stationary process, and could thus be treated
statistically as part and parcel of the vibration environment. We thus find
that shock should be differentiated from vibration only if the shock pulse is
statistically different from the vibration environment.

Now consider what occurs if we attempt to analyze the 60-sccond run with a
large single-shock pulse on a spectrum analyzer operating in the amplitude versus
frequency mode. The 60-second run on magnetic tape is made into a loop and played
into the spectrum analyzer. Each time the shock pulse is presented to the

D-6



analyzer, some energy will pass through the filtor irrespective of the

position of the filter-pass band in the spectrum. Since the magnitude of the
shock pulse is large, the integrating or averaging time constant will not
completely hide the phonomenon, and a series of spectral lines will be
displayed. The envelopc of these lines is a Fourier integral representation

of the shock pulse. The cxtent to which the lines are apparent on the record
is a .function of the avoraging time, the percentapge of the total loop length
occupied by the shock pulse as well as the amplitude of the shock pulse relative
to the vibration environment. llere, again, is a manifestation that the shock
pulse is statistically different from the vibration environment.

Returning now to the test course, if we place not one but many bumps on
the test course, what can we expect? Assume for the moment we place so many
bumps on the course that the "amplitude severity" now reflects primarily the
presence of the bumps and these pale the vibration environment into insignifi-
cance. In this case, cutting the 60-second run into sections reveals that
the process is once again stationary, but is now far more severe than in the
preceding case. Here, the spectral lines on the spectrum analyzer blend into
a homogeneous curve showing a broad display of low frequencies. Also, we find
that this limiting case of the shock environment can be trecated and discussed
as a vibration environment. Thus, shock can be defined as being statistically
and spectrally different from vibration and thus leads to the preceding
definition.

4. PROBLEM DELINEATION

The preceding discussicn provides the basis for framing the problem., "Is
it possible through statistical considerations to provide a simple means of
describing the automotive vehicular environment?! The definition of shock
divides the cnvironment into two parts; one part, the vibration environment is
expected to be represented as a stationary process; the second part, shock is
represented as a nonstationary process and thus cannot be described by
statistical means, The immediate consideration is finding a means of describing
the vibration environment. Sincc amplitude is the parameter of interest and,
since the amplitude is a function of timc, it appears the analysis mu.. center
about determining the probability of the amplitude exceeding specificd .l-es,
The probability-distribution function of the amplitude in time. s thus the
immediate goal. Given the probability-distribution function and the standard
deviation, the distribution of amplitude in time is completely described. The
approach is as follows:

a. Establish the stationarity of the phenomenon.
b. Examine data to determine the form of the probability-density function,
¢. Establish a means for readily determining the probability-distribution

function of a particular record, and a method for determining the
standard deviation of the amplitude.
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5. DATA ACQUISITION AND REDUCTION

The data were collected from Statham unbonded strain gage accelerometers,
flat from 0 to 270 cps, with a damped natural frequency of 400 cps, range +25 g.
These were located on the front and rear of the vehicles and oriented to
measure acceleration in a vertical plane, and at the center of gravity of the
vehicle in three mutually perpendicular planes (vertical, transverse, and
longitudinal). The vehicles included in the program were: -

a. Carrier, personnel, full-tracked, armored, Ml13,
b. Truck, cargo, 10-ton, 6x6, XM125.

¢, Truck, cargo, 2-1/2 ton, 8x8, XM410.

d. Truck, cargo, 2-1/2 ton, 6x6, M35,

c. Tank, combat, full-tracked, 105-mm gun, M6O.

The output of the accelerometers was recorded on magnectic tape which had a
frequency response of 0 to 600 cps. The vehicles were operated over the
standard APG test courscs; these courses are described in Appendix A of this
report. The data are re-recorded from the original magnetic tape onto a loop
of tape, the frequency rosponse of the loop system is 0 to 625. The loop is then
played into a statistical counter.(frequency response 0.5 to 750 cps), the output
of the statistical counter is the basis for the analysis that follows; complete
understanding of the statistical counter is mandatory to proper understanding of
the analysis,

The statistical counter is a device that measures and prints out the time
that the amplitude exceeds prescribed reference levels. Data from the magnetic
tape loop are fed into the counter, and, during cach revolution of the loop,
the counter integrates the timec the amplitude exceeds a level. Nine positive
and nine negative levels are scanned in this manner. Additionally, the analyzer
prints out the total lenpgth of time represented by a loop. Dividing the total
time into the time for cach level thus produces the percentage of time the
amplitude is in - ces- . the specificd level. The percentage of time and the
probability are iden-icui, thus the statistical counter in essence describes
the probability-distribution function. The data produced by the statistical
counter can be plotted on pro.ability paper and thus a mecans exists for rapidly
collecting probability distributions. A typical record from the statistical
counter is shown in Table I and a probability-distribution plet from this record
is Figure 1, ’

The amplitude levels built into the statistical counter are 3 db apart.
If a value of 1 is assigned to the lst level, the amplitudes of the other levels
can be described relative to the 1lst level as follows:

L=12+« 3% log A

where A = amplitude rclative to lst level

L = Level (1 to 9).
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The ratio of adjacont levels is very nearly equal to the V2; thus, going
up two levels is equivalent to doubling the amplitude,

In using the statistical counter, the actual value of the amplitude
calibration assigned to the 9th level is such that the peak of the record being.
examined always falls between the 8th and 9th level, the indicated time above °
the 9th level is thus always 0.

6. DATA ANALYSIS AND RESULTS

The data to be examined represent acceleration. The integral of
acceleration in respect to time .is velocity., If the vehicle starts its run
over the test course and finishes its run so that the difference in velocity
at start and finish is 0, then the integral of acceleration over the time
duration of the run is 0; and so the average acceleration during this time is
0. It follows that the probability-density function has an average valuc of 0.
If the average value is 0, then by definition the root mean square (rms) of
the acceleration is identical to the standard deviation of the probability-
density function. This value is defined as "severxty“ and will be symbolized
by S. The paraneter S is hereinafter used as the primary control statistic,
The square of S (S2) is both statistically significant (variance) and
mochanically significant (power).

In order to handle a large volume of data rapidly, a Bendix G15-D computer
was programmed to produce the following results:

a. S, assuming that the average acceleration was 0.
b, S, computed about the average acceleration.

The S's obtained from the high-speed computer on options a and b were
virtually identical, thus establishing that the rms acceleration and the
standard deviation of the probability-density function were identical.

The lst phase of the investigation was establishing the stationarity
of the vibration environment. To this end a paved course was selected, since
it was free of shock considerations. Several runs were made and 60-second
loops were analyzed. The loops were then cut in half and each half analyzed.
The halves were then cut in half again and analyzed. The conclusion
reached on the basis of comparing S for the entire run to the S*'s obtained
from the halves and quarters was that the process was stationary. Data are
presented in Table II.
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Table II. The Stationarity of the Automotive Vibration Environment

Vehicle: Carrier, personnel, full-tracked, armored, M113,
Coursc: Pavod road.

Acceleration, mms

Road " Channel 2 Channel 3 Channel 4 Channel 5
Speed, - .00 30 15 60 30 IS5 GO0 30 15 60 30 I5
mph  Loop Sec _Sec _Scc _Sec _Sec _Sec _Sec _Sec _Sec _Sec _Sec _S§sc
8 1 0,271 0,270 0,271 0,362 0,370 0.380 0.394 0,403 0.401 0.348 0.347 0.350
274 0.366 0.414 - 0.350
+260 ,263 0.356 0,351 0.387 0,387 0.350 0.339
.255 0.361 0.392 0.363
12 2 .54Y9 ,528 .545 0.490 0,485 0.502 0.593 0.598 0.584 0.725 0.685 0.695
.518 0.487 0.610 0.689
.581 .,584 0.500 0.502 0.593 0,606 0.762 0,782
.581 . 0.502 0.588 0,744
17 2,652 .640 ,660 0,708 0,699 0.713 0.848 0,844 0,820 0.954 0,923 0.934
.0643 0.68Y 0,868 0.919
649 059 0.719 0,730 0.811 0.818 0.956 0,957
.652 0.715 0.81Y 0.962
25 2  .934 ,9034 ,928 1.035 1,039 1.023 1.391 1,438 1.415 1.584 1,573 1.576
.953 1.060 1.489 1.625
.931 ,943 1.044 1,042 1,336 1.364 ~1.585 1.619
. 939 1.055 1.333 1.564

Scveral attempts were made to determine the probability-distribution function.
The first, and least lucrative, was to plot the output of the statistical counter
on probability paper. This typc of display portrays a Gaussian dJistribution as a
straight line, Initial plots indicated that the automotive vibration environment
was not Gaussian, the population in the tails excecds the Gaussian expectancy in
some casos by at least two orders of magnitude, The labor involved in plotting
the data was considerable, and a more fruitful approach was required, The high-
speed computer program was revised to include a determination of the 4th moment of
the probability-density function, This was divided by the square of the variance
to produce a dimensionless statistic, M. The quantity, M, is very sensitive to
the tail population and readily indicated the general shape of the probability-
distribution curves, At this point some & priori considerations are nocessary
to understand the proccdures that followed.

An acceleration run that produces a record that is a perfect sine wave would
result in an M of 1.5, The ratio of the peak to the ms valuc of a sine wave is
v2. The V2 is exactly the ratio of one lcvel to the next level. Since the
statistical counter is always set so the pcak falls in the 8th level, the S for a
sine wave would fall in the 7th level. The crest factor (ratio of peak to rms)
is indicative of the level in which S falls, since the pcak always falls in the
8th level. Additional consideration provides cven more insight to this relation-
ship. A perfect square wave has an M of 1, and a crest factor, C, of 1, thus

——-
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S and the peak fall in the same level, The statistic, M, is thus a measurc
of the central tendency of the probability-distribution function. The crest
factor also is a measure of central tendency. It is apparent that, when S
falls in one of the lower levels, the crest factor will be high as will be M.

The results of the high-spced computer runs were pésgted to determine
if a relationship actually existed botween the level th «libeh 8 fell, and M.
Figure 2 shows the result, Although the corrclation was a8 #s strong as
had been antieipated, the result was encouraging., One must remember that M
is extremely sensitive to tail population. Very small changes in the tail
population influence M radically, thus the large scatter was attributed to
small differences in the tail population, If this hypothesis is true, then
one could catagorize and say that all records having an S that fell in a
particular level had similar probability-distribution functions, Were this
true, then a method could be evolved for determining both S, and the form of
the probability-distribution function readily.

A new plot was made in which the percentage of time that the absolute
value of the amplitude exceeded certain reference levels was plotted against
S, where S was expressed in terms of the 1st level being 1. The results gave
good correlation between S and the percentage of time above a reference
level (see Figure 3)., The means for determining S from the statistical counter
data rapidly and with good accuracy had bicen established.

The next step was to determine if the probability-distribution function
could be described. To this end, scveral records were plotted on probability
.paper. These records were selected so that they represented specific levels.
" The results were very encouraging. The general shape of the probability-
distribution function is a function of the level in which S appears., This is
shown in Figure 4.

As a practical consideration in describing the probability-distribution
function, the following prccedurc was established. An arbitrary value of 1%
was selected; this 1% was to he thec percentage of time one could expect the
absolute value of the acceleration to oxceed nS. The coefficient n is thus an
additional measurc of the central tendency of the probability-density function,
Values of n were selected from Figure 4 and plotted against the value of S
that the probability-distribution function represented. The result is Figure
5, which provides a ready means of graphically describing the general nature
of the probability-distribution function.

The feasibility of describing the automotive vibration environment in
tems of S and the probability-distribution function was thus established.
The problem remaining was to find z practical means of converting the data
produced by the statistical counter to the parameterss descriptive of the
environment. To this end, the data graphically shown in Figure 3 were
programmed into a high-speed computer. A least-square polynominal of ‘the
3rd degree was passed through the data representing each reference level,
The graphical results are shown in Figure 6, The computer program also
produced the data tabulated in Table III. These data are based on the 9th
‘level having a valuc of 1, The region of best fit of the cubic was centered
in the region of 15% of the populatipn exceeding the prescribed reference level,

11
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Figure 4: Probability Distribution of the Vibration Lnvironment of
Automotive Vehiclos.

The data were gencrated uvon the basis of absolute values, thus the 15% includes
both the positive and negative levels, The determination of S from the
statistical counter data is thus as follows:

b,

C,

Scan the statistical counter data secking the lovel representing
about 7.5% of the total record tiwe,

Note the level, this is the roference level,

Add the tiwmes in the vositive and negative reference level, convert
the sum to a perccntage of the total record time.

Enter fublexn with the percentage und leaQe with $/K from the proper
reference lovul,

Multiply S§/K by K, the calibraicion value assigned to the 9th level
for the record., The result is S,

' 14
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The determination of the probability-distribution function is quite
simple. Figure S shows the relationship between n and S; from this the product
nS was formed, this was then divided by the absolute value of the 9th level
(15,85) so that the result is nl where

-

nl = nS

3

The value nl. which is a function of S, is entered on Table III and represents
a description of the gineral configuration of the probability-distribution
function, The value n° is shown in Figure 4 to identify the probability-
distribution function. '

The procggure for identifying the probability-distribution function is as
follows:

a, Using the percentage established in determining S, cnter Table 111,
leaving with nl from the appropriate reference level.

b. Multiply nl by K; this is the absolute value of the acceleration which
has been excceded 1% of the time.

¢. Enter Figure 4 with nl, noting the form of the probability-distribution
function. '

One more value is of interest, this is the peak acceleration or crest
value. The crest always falls between the 8th and 9th level. Assigning a valuc
of 1 to the 9th level, the 8th level has a relative value of 0.708. The averape
is 0.854, thus the average crest value reported can be off by 0.146 or 17.12%.
The crest value will be reported simply as 0.854 K +17,12%, The crest factor is
of interest and is derived simply. In terms of the 9th level being 1, the crest
factor is 0.854 divided by S, but S is given in terms of the 9th level in Table
III. The entries in Table III under C (crest factor) reflect this division.

Ny

6. ACCURACY OF RESULTS

The question of the accuracy of estimating S from Table III arises., As a
by-product of the curve-fitting process, via the high-speed computer, the
standard deviations of the individual data points from the fitted curves were
obtained. Table IV shows the error expectancy based on estimating S from
Table III,

Table IV shows an entry indicating the number of data points available for

analysis. Note that levels 2, 3, and 7 show few data points. More data are
required in these levels to substantiate the results contained hercin,
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Table IV, Error Expectancy in Estimating S from Figure §

No., of Std Dev Range of Error at 15% of
" Kef  Data S of Error, § Reference Level,
Level Points Range of K Data Points (One Std Dev) _(One Std Dev)
2 10  0.0392 to 0,0874 - 0,0021 85.4 to 2.4 23,4
3 17 +0613 to ,1207 ,0058 9.6 to 4.8 6,2
4 49 .0800 to .1663 . 0049 6.1 to 2.9 3.8
s $0 1107 to ,2316 . 0056 5.1 to 2.4 3.1
6 49 1581 to ,3088 . 0061 3.9 to 2,0 2.4
7 6 2495 to .4222 . 0088 3.5 to 2,1 2.6

810w error attributed to lack of sufficient samples to adequately describe
conditions, .

7. LIMITATIONS OF ANALYSIS

The preceding analysis does not include all the data collected. The

" excluded records are distinctly shock response: S falls well below the 1st
levol; some of theso records have less than 5% of the population in excess of
the 1st levcl, The question arises, "Whon can one consider the record to
contain shock?” It should be noted that the accuracy of estimating S from

the 3rd level as a reference is poorer than the accuracy associated with the
higher levels, Tho exception is the 2nd level for which too few data points

- aye available for conclusive results, The inference is that whon S falls in
the 3rd level or below, shock may be present. An oxamination of spectral

plots indicates like results, the spectral plots seem to indicate that the line
of delineation should be drawn when S falls between lovels 2 and 3. This leads
to the establishment of a numerical criterion that can be added to the definition
of shock response. Since the crest is between the 8th and 9th levels, and §
lies between the 2nd and 3rd levels for shock response, approximately six
levels represent the crest factor, i.e., 18 db, thus crest factors of 8 or
sbove are indicative of shock responso. The roferonce chart for obtaining

5 (Table II1} cen be used when limited amounts of shock are prosent, but
dilution of precision must be anticipated when the crest factor exceeds 8.

8. APPLICATION OF METIOD

As the primary objective was to provide a means of describing the
automotive vohicular vibration environment, a practical application of the
results of this study is in order, Accelorouters, with their sensing axis
oriented in the vertical plane, were located in the cargo bed of an M35 truck.
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The vehicle was then operated at various speeds over a variety of test courses
(Appendix A). The maximum vehicle speed on each course was established in one
of five ways:

b,

C.

d.

Ce

The speed at which the most sévere conditions are transmitted to the
test item,

A road speed that is the most severe the driver can withstand.

-

A speed above which it is not safe to operate the vehicle because it -
becomes unstable,

The maximum speed that can be obtained without damage to the vehicle
running gear.

Maximum speed of vehicle,

From the acquired data values of S, 1% of time level, probability-
distribution fu.ction and crest were determined. A plot (Figure 7)
was made of the soverest environment at each road speed. The data
show:

(1) The level paved road to be the least severe of any of the test
courses,

(2) Using the level paved course as a base line, the cargo bed of
the M35 presents a rather severe envxronmcnt whan the vehicle
traverses rough terrain,

(3) Above 4 mph and up to 24 mph, the crest nmplxtudcs were
extremely high,

(4) A resonant condition (ratio of crest to rms = 1.4]1) was
approached at 28 mph on the level paved road with a ratio
of crest to rms of 3,

9. CONCLUSIONS

The automotive vehicular vibration amplitude environment is non-
Caussian,

A method has been developed to describe the automofive vehicular
vibration amplitude environment.

Reference charts for rapid determination of standard deviation of

amplitude and the probability-distribution function have been
developed,

-
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10. RECOMMENDATION

The mothod developed in this report bs used to Jescribe the vibration
amplitude of automotive vehicles. '

SUBMITTED: %
/.;r‘lrkng “1"“" @ . A. TOLEN

Assistant Chief, - Chie hief, Engineering
Analytical Laboratory  Engif®ering Laboratory Laboratories

APPROVED:
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Acting Associate Director
Development and Proof Services
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BIX-INCH WAUUBOAKD COURSE

The profils epproaches a eine vuve with a double amplitude of six
inches and a complete cycle oceurring every six feet for e distance of
800 feet. The cource surface is concrete.

BEIOJAN BLOCK COURSE

- 18 o 1‘

% | 11171 %
ye e i V) \
7 Belgian Block

This course is a cobblestons road vhich provides an irregular and
bumpy surface. The fadividuul cobblestones average approximately five
inches in vidth. The courue irregulurities, vhich not ouly vary aulong
tha longth (3936 reet) of the course but also across its vidth, have
crests of about three inclies. The crests are such that & vehicle
traveling over them i¢ subjected to both pitching and rolling motions.



RADIAL WALLPCAND COUNLiE

t___l\{u{‘l’eg. ‘_"1 Vurieo 2" to k"

[ -
Tvo 90 degrees rudial turns mnke up the Rudial Washbourd Course along

vith symmetricul bumps which vary from two to four iuches in height and

from one to oix feet from crest to crest, The course is 120 fest long and
£0 foet vide. ’

BPACED BUMP COURSE

7

IGOMETRIC VIEW

{::17"7-\ A

» 0" ‘s

LONGITUDINAL BECTION

This course consists of a sories of roundod buaps three inches high by
throe feet vide spaced at tutervals of 30 fest along the centorline of the
oourse. The -bumps maks the following ungles with renpegt to the c.:ont.orltu
of the course; 90°, 90°, 67.0 52*, 90°, 90°*, 113°, 126 » 90°, 90 , this
soquance continues for a total or tweunty esix buaps or three cycles for s
total of 831 feet:

A-3
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TWO-INCI WASIEOARD COURSE

2“

L F2' o 4

The profile approaches a sine wave vith a double amplitude of two
- inches und a complete cycle occurring every two feet to & distance of
approximately 300 feet. Tie ¢.urse surface is concreta.

PEF{MAN STRAIGHTAWAY

ORIGINAL CONCRETE _
2"BINDER & WEAR CCURSE
2"WEAR COURSE RESURFACE
The paved stxraightuway 1s essentially a level road, three niles in

length, with banked turn-arcund loops at sach end. This course s used

vhere high speed as well as tests requiring long periods of uninterrupted
operation are desired.

A=)
D=2
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Report DPS-657 stated more data were required to substantiate the results
‘for reference levels 2, 3, and 7 of the Vibration Table III on pages 17 and 18
of that report, 3Since publication, additional data have been acquired for these
three levels, These data appear here in Table IIT (Revised)., The affect of
these additional samples on the error expectancy, based on estimating 8 from
Pigure 5, D&PS Report No. 657 is contained in Table IV (Revised),

When originally published, Table III was based only on accelerometer data
acquired for the vehicle frame or hull, Table III (Revised) in this addendum
wvas derived. using the same type of data, " It has subsequently been found that
estimates of S are alsoc valid for the following types of data:

&, Acceleration data for gear mounted on-board the vehicle; i.e,, packaged
electronics, missile warheads, motors and other related equipment. The on-board
gear tested had many degrees of freedom,

b, Rate of angular change data (rate gyros); i.e,, pitch and roll of the
vehicle, :

¢, Uniaxial strain-gage data on vehicle frame and suspension parts,

d, The above dats as analyzed through 0,2 to 10 and 0.2 to 100 cps pass-
band filters,

The error expectancy of § for each of the a, b, ¢, and 4 above, estimated
from Table ITI (Revised) as compared with the calculated value of .S is shown
on Table V., These error expectancies are a composite of the error expectancies
of the difierent reference levels, Because all of the reference levels may not
be used for any one type of data, the error expectancies of the a, b, ¢, and 4
above may not coincide with the error expectancies of the different reference
levels in Table IV, The majority of the data poiuts for each of the a, b, ¢,
and 4 above fell in reference levels 5, 6, and 7,
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Tuble III,  (levised Apetl 1963)

Vioretica Enviroument of Automotive Vehicles
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Table IV, (Revised April 1963)
Error Bxpectancy in Estimating S from Figure 5%
Range of  Rrror at 15% of

Ref  Number of R of Std Dev of Error % Ref Level,
Level Data Points . ‘éﬁ Data Points (One Std Dev) (One Std Dev)
2 50 .O4T6 to ,0942 .0058 12,2 t0 6,2 T.8%%

3 50 .0566 to .1209 . 0056 9.9 to 4.6 5.6
i ko .0800 to .1663 .0049 6.1 t0 2.9 3.8
5 50 .1107 to .2316 .0056 5.1 to 2.4 3.1
6 49 .1581 to .3088 . 0061 3.9 to 2.0 2,4
7 50 .2423 to . 3879 .0221 9.1 to 5.7 6, 3%%

#Refer to Pigure 5 of Report DPS-657 August 1962.

#iThe error at 15% of reference level for the revised levels 2 and 7 is greater
than that of Table IIX, Report DPS-657 because there were insufficient data
points in Table III, Report DPS-657 to adequately describe the conditions.

Table V. T
Error Expectancy of Bstimating S for Various Types of Data

Type of Error’ Range of Number of
Data ctanc d Error (%)* Samples of Data
a) On-board gear 5.20 0.00 to 33.33 50
) Rate gyro b, 20 0.90 to 19,01 69
c) Strain gage 3.99 0.00 to 16,67 50
4) FMiltered b, 91 0.00 to 17.98 50

#Based on Calculated value - Estimated value

= without regard to level,

A}

SUBMITTED: APPROVED:
R Zoe '
[
C. R. LEE J#A, TOLEN
Mathematician Chief, Engineering
Laboratories
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APPENDIX E

Distribution
NAME AND ADDRESS NO. COPIES NAME AND ADDRESS NO. COPIES
Commanding General Commanding Officer
U, S. Army Materiel Command Yuma Test Station
Washington 25, D, C. Yuma, Arizona
ATIN: AMCRD-DE-W 1 ATTN: STEYT-GTB 1
AMCPP-MU 1
Department of the Navy
Commanding General ¢/o Navy Liaison Office
U. 8. Army Test and Aberdeen Proving Ground, Md, 1
Evaluation Command
Aberdeen Proving Ground » M, Department of the Air Force
ATTN: AMSTE-TA 2 c/o Air Force Systems
Command Liaison Office
Combat Development Command Aberdeen Proving Ground, Md. 2
c/o CDC Liaison Office '
Aberdeen Proving Ground » Md, 3 Commanding Officer
Aberdeen Proving Ground, Md.
Commanding General ATIN: STEAP-DS-D E
U. S. Army Supply and STEAP-TL, 3
Maintenance Command
Washington 25, D, C. Commander
ATTN: AMSSM-MR 1 Armed Sves Tech Inf A~ y
Arlington 12, Virginia
Commanding General ATTN: Document Svc Center 10.
U. S. Army Missile Command
Redstone Arsenal, Ala.
ATIN: AMSMI-IER 1
AMSMI-IH 1
Comanding General
U. 5. Army Tank-Auto. Center
Detroit Arsenal
Center Line, Michigan
ATIN: SMOTA-AL 2
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SMOTA-RET 1
SMOTA -RRD 1
SMOTA-RRD. 1 1
SMOTA-REC 1
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AD _.__hccession No,_

04PT, Aber.een Proving Ground, VMaryland

ROAD SHOCK AND VIERATION ENVIRONMENT
FOR A SERIES OF WHEELED AND 'TRACK-LAYING
VEHICLES H. T, Cline

Report No, DP5-959, June 1503
Unclassified Report

The road shock and vibration environment
crested by four wheeled and five track-
laying vehicles was measured on eight
test courses at specd increments of
approximately 4 wph. The magnetic-tape
data were processed through a special-
purpose computer which determined the
smplitude-probability distribution and
spectral density. The rosultant data have
been catalogued in a form which will
provide a base line for the design of
equipsent to be transported on automotive
vehicles.

AD Accession No.

0ePS, Aberdeen Proving Cround, ﬂ'iryiana
ROAD SHOCK AND VIBRATION ENVIRONMENT

FOR A SERIES OF WHEELED AND TRACK-LAYING
VEHICLES H. T. Cline

Report No. DPS-999, June 1963
Unclassified Report ’

The road shock snd vibration eavironment
created by four wheeled and five track-
laying vehicles was measuvrd on eight
test courses at speed incroments of
approximately 4 mph. The magnetic-tape
dats were processed through a special-
purpose computer which deitermined the
amplitude-probability distribution and
spectral density. The resultant data have
been catalogued in a form which will
provide s base line for the design of
equipment to be transported on sutomotive
vehicles.




